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Actin filaments play a critical role as part of the cytoskeleton, where they are
involved in most cellular processes including determination of cell shape,
cell migration, cell division, membrane function and intracellular transport.
In muscle cells actin filaments are a key component of the contractile appa-
ratus. This enormous functional specialisation is associated with differences
in filament organisation, dynamics and interaction with actin-binding pro-
teins. Recent evidence reveals that tropomyosins are key players in this dy-
namic regulation of the functions of actin filaments. However, the molecular
mechanisms underlying the assembly of tropomyosin strands on actin fila-
ments, the competition between tropomyosin isoforms and the differences
in stability are not known. The main roadblock to addressing these questions
is a lack of techniques to follow the dynamics of the process at the molecular
level.
Here we have developed a single-molecule fluorescence imaging approach
to visualise and quantify snapshots of the assembly process by reconstitut-
ing actin filaments in the presence of labelled tropomyosin isoforms. Cyto-
skeletal and skeletal tropomyosin isoforms were labelled using maleimide
chemistry. Biochemical assays showed that labelled tropomyosins bind
cooperatively to actin filaments. We then competitively bound different
tropomyosin isoforms to actin filaments in a microfluidic flow channel
and visualised early assembly intermediates utilising TIRF microscopy.
Our observations reveal nucleation of short stretches of tropomyosin poly-
mers at multiple locations along the actin filaments. Our results have
implications for the assembly pathways of specialised actin filaments in
cells.
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Cytokinesis involves constriction of a tension-producing actomyosin contrac-
tile ring that divides the cell. How the ring generates tension remains intensely
debated. A sliding filament mechanism where myosin pulls actin filaments was
proposed long ago, similar to striated muscle which has sarcomeric organiza-
tion. However, contractile rings are far more disordered, and it is thought
that random actomyosin bundles cannot generate tension. Recently, we pre-
sented evidence that tension originates in anchoring of actin filaments to the
membrane (Stachowiak et al., Dev. Cell, 2014).
Here we mathematically modeled the constricting ring to explain a recent study
of permeabilized fission yeast protoplast that examined ring constriction in
controlled environments (Mishra et al, Nature Cell Biol., 2013). The experi-
ments directly tested the role of ring anchoring: following ATP addition, rings
partially detached from the membrane and constricted at a constant rate inde-
pendent of initial length.
We extended our molecularly explicit model (Stachowiak et al., Dev. Cell,
2014) to explain these findings and to test the role of anchoring. The model
assumes barbed end actin filament anchoring. In agreement with Mishra et
al., simulated detached ring segments had almost zero tension and short-
ened at a rate somewhat less than twice the myosin-II load-free velocity.
Our analysis explains why the shortening rate is independent of ring
length: detached regions did not contract, but shortened by being reeled
in at their end points, each end point contributing v0myo. Unanchored
ring segments have zero tension but nevertheless shorten because they
are connected to anchored segments with tension. Completely detached
simulated rings did not constrict. Simulations reproduced other observa-
tions by Mishra et al, including the dependence of constriction on
myosin-II but not on actin turnover, and retarded constriction by increased
actin crosslinking.
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We show that complex fluids such as actin networks respond differently to de-
formations at intermediate length scales than they do at large distances as a bulkmaterial. This intermediate response regime is characterized by a 1/r3 decay
with distance. When characterizing passive entangled F-actin networks, we
observed this intermediate response at surprisingly large distances of 2-6 mm,
which are comparable to the size of a cell, and are over ten times larger than
the mesh size of the actin network. We generalize the framework of micro-
rheology to include and characterize this intermediate response, which in
turn allows extracting the material’s structural properties.
We use this newfound understanding to extract structural information of active
in-vitro reconstituted cytoskeleton networks, in which such analysis can be
done in a controlled fashion.
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Directional cell migration requires tight coordination of actin assembly and
membrane remodeling. However, the molecular mechanism underlying
this coordination remains elusive. Here we report that Exo70, a component
of the exocyst complex, couples actin assembly and membrane curvature
induction for leading edge protrusion and cell migration. Using in vitro
pyrene actin assay and dual-color total internal reflection fluorescence
(TIRF) microscopy, we found that Exo70 kinetically stimulates the Arp2/
3 complex-mediated actin polymerization and branching. This effect of
Exo70 on actin is mediated by promoting the interaction of the Arp2/3
complex with WAVE2, a member of the N-WASP/WAVE family of nucle-
ation promoting factors. We also found that Exo70 induces tubular mem-
brane invaginations toward the lumen of synthetic vesicles in vitro and
generates protrusions on the surface of cells. Biochemical analyses using
Exo70 mutants and independent molecular dynamics simulations based on
Exo70 structure reveal that Exo70 generates negative membrane curvature
through an oligomerization-based scaffolding mechanism. At the cellular
level, both the stimulatory effect of Exo70 on the Arp2/3 complex and
the membrane-deformation activity of Exo70 are required for generating la-
mellipodia and maintaining directional persistence during cell migration.
Exo70 thus represents a novel Arp2/3 regulator and membrane-bending pro-
tein that couples actin dynamics and plasma membrane remodeling for
migration.
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Cytokinesis in fission yeast requires the presence of the actomyosin ring that
constricts the membrane to divide the cell. Despite lots of effort, the molec-
ular mechanism by which the ring tension is created remains poorly under-
stood. This is largely due to the lack of structural details of of the ring,
e.g., how actin filaments (F-actin) are arranged and what myosin conforma-
tions exist. As several models exist we decided to develop a computational
approach to test whether these models are biophysically reasonable when
simulated. Starting with a very simple model in which only actin filaments
and bipolar myosin molecules are present we showed that myosin could slide
F-actin but contraction did not occur. Addition of actin crosslinkers then
helped contract the ring which in turn could pull down a coarse-grained mem-
brane added to the system later. By tuning parameters and properties of the
ring’s components to match with data from electron cryotomography, we
showed that coarse-grained simulations could help reveal the mechanism
for the ring constriction.
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Microfluidics-based experiments provide an opportunity to study the
complexity of hierarchical dynamics and structural assembly in complex
chemical as well as biological processes. The precise control of external
parameters and the possibility to generate gradients on the nano- and micro-
meter length scale allows for investigations of intermediates and transitional
states as well as dynamic and kinetic properties of the studied systems.
Using a straightforward microfluidics system to achieve step-by-step reaction
